Background and Objective: Systemic inflammation response index (SIRI=N×M/L), based on neutrophil (N), monocyte (M), and lymphocyte (L) counts, is used to predict the survival of patients with malignant tumors and can fully evaluate the balance between host immune and inflammatory condition. The present study is aimed to evaluate the potential prognostic significance of SIRI in patients with breast cancer undergoing neoadjuvant chemotherapy. Subjects and Methods: A total of 262 breast cancer patients treated with neoadjuvant chemotherapy were enrolled in this retrospective study. The optimal cutoff value of SIRI by receiver operating characteristic curve stratified patients into low SIRI (<0.85×10 9 /L) group and high SIRI (≥0.85×10 9 /L) group. The associations between breast cancer and clinicopathological variables by SIRI were determined by chi-square test or Fisher's exact test. Kaplan-Meier plots and log-rank test were used to evaluate the clinical outcomes of disease-free survival (DFS) and overall survival (OS). Univariate and multivariate Cox proportional hazards regression models were used to analyze the prognostic value of SIRI. The toxicity of neoadjuvant chemotherapy was evaluated by the National Cancer Institute Common Toxicity Criteria (NCICTC).
Introduction
Breast cancer is the most frequent neoplasm and is leading major cause of cancerrelated morbidity and mortality worldwide among women. 1 In China, breast cancer has the highest incidence for females, and the incidence of breast cancer is increasing year after year. 2 The postmenopausal women with breast cancer in China will reach 100/100,000 in the future, and the incidence of breast cancer is increasing rapidly in coastal developed cities of China. 3 Although many patients with breast cancer are successfully treated by the early diagnoses and improved treatment strategies, approximately 20-25% patients are diagnosed with locally advanced breast cancer. 4 Lots of studies have indicated that surgery combined with adjuvant chemoradiotherapy can effectively improve the survival rate of patients with breast cancer. [5] [6] [7] Neoadjuvant chemotherapy (NACT) is the gold standard of care for locally advanced cancer and has been widely used to the treatment for locally advanced breast cancer. 8 According to the NACT for breast cancer, the breast-conserving surgery rate is increasing, and the tumor stage is decreasing. 9 Many NACT regimens have been applied to the treatment for breast cancer; however, there are no internationally generally accepted NACT regimens for patients with advanced breast carcinoma. 10 Therefore, it is necessary to look for accurate and sensitive tumor indicators of breast cancer to improve the survival outcome and provide the better prognosis factor for breast cancer. Some histologic and immunologic biomarkers have been used to evaluate the prognosis of breast cancer. However, these biomarkers largely depend on the primary tumor sample, and are often expensive, time-consuming and arduous, and are usually limited their use in clinical practice. 11 The molecular subtypes, which include ER, PR, Ki-67, and HER2 expression condition, are very important for the prognosis of breast cancer. Hence, it is very important to search easily accessible and reliable markers for the prognosis of patients with breast cancer. Cancer-related inflammation is a fundamental component of the tumor microenvironment and can influence the mechanism in the pathogenesis of patients with carcinoma. The inflammatory cells in peripheral venous blood might influence tumor carcinogenesis, progression, and metastasis. 12 A great deal of studies have indicated that the inflammatory markers, such as white blood cell (W), neutrophil (N), monocyte (M), platelet (P), lymphocyte (L), as well as neutrophil to lymphocyte ratio (NLR), lymphocyte to monocyte ratio (LMR), platelet to lymphocyte ratio (PLR), and systemic immune-inflammation index (SII), are present and detectable in the systemic circulation, and have been widely proposed as prognostic factors for many malignancies. [13] [14] [15] [16] A novel and integrated indicator that named Systemic Inflammation Response Index (SIRI), which is based on neutrophil (N), monocyte (M), and lymphocyte (L) counts, is reported to be associated with clinical outcomes and predict the survival of patients with gastric cancer. 17 This integrated indicator may comprehensively reflect the balance of host immune and inflammatory status compared with NLR, LMR, and PLR. Nevertheless, the SIRI has been studied rarely in breast cancer patients with treated NACT. Therefore, our study aims to evaluate the prognostic significance of SIRI in patients with breast cancer receiving NACT.
Materials and Methods

Study Population
We enrolled 262 patients with breast cancer undergoing NACT to this study in Cancer Hospital Chinese Academy of Medical Sciences from January 1999 to 2014 December. This research was a retrospective study. The detailed treatment information, clinical and demographic data for all enrolled patients were extracted from the medical record. This study was approved by the ethics committee of Cancer Hospital Chinese Academy of Medical Sciences. It complied with the standards of the Declaration of Helsinki and its later amendments. Written informed consent was obtained from all patients before the study. The inclusion criteria for the patients were as follows: 1) all patients with breast cancer were confirmed by core needle biopsy before NACT treatment; 2) all patients received surgery treatment; 3) Karnofsky Performance Scores (KPS) ≥80 and Performance Status (Zubrod-ECOG-WHO, ZPS) ranged from 0 to 2 scores; 4) all patients had complete clinical records and follow-up information; 5) Patients could survive for more than 3 months; 6) the blood samples were obtained within 1 week before NACT treatment.
The exclusion criteria for the patients were as follows: 1) patients had received chemotherapy, radiotherapy, endocrine therapy, and targeted therapy before NACT treatment; 2) patients with malignant disease or distant metastases; 3) patients with serious complications, or any form of acute and chronic inflammatory disease; 4) patients who had blood product transfusion within 1 month before NACT treatment.
Chemotherapy Protocols
We used anthracyclines-based and/or taxanes-based NACT regimens, and one cycle of these regimens was repeated every 3 weeks. Anthracyclines (Zhejiang Hisun Pharmaceutical Co., Ltd, Taizhou, China); Cyclophosphamide (Baxter Oncology GmbH, Halle, Germany); 5-Fluorouracil (Tianjin Jinyao Pharmaceutical Co., Ltd, China); Taxol (Jiangsu Hengrui Medicine Co., Ltd, Lianyungang, China); Platinum compounds (BristolMyers Squibb biopharmaceutical company, S.r.l., Italy).
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Classification Standard and Response Evaluation
We used the eighth edition of American Joint Committee on Cancer (AJCC) and Union for International Cancer Control (UICC) TNM stage classification to evaluate the tumor pathology stage of all enrolled patients. 18, 19 Breast cancer molecular subtypes were classified as Luminal A, Luminal B HER2-positive, Luminal B HER2-negative, HER2-enriched, and triple negative. 20 The Miller and Payne grade (MPG) was used to determine the histological response. 21 Response rates were defined according to the Response Evaluation Criteria in Solid Tumors (RECIST) guidelines. 22 The hematoxylin and eosin (HE) stain was used to diagnose lymph vessel invasion and neural invasion of tumor. The National Cancer Institute Common Toxicity Criteria (NCICTC) was used to evaluate the toxicity of NACT.
Peripheral Venous Blood Parameters
Peripheral venous blood samples were obtained within 1 week before NACT. The samples were collected by a sterile EDTA tube and obtained with empty stomach. Hematologic parameters were analyzed by XE-2100 hematology analyzer (Sysmex, Kobe, Japan).
Follow-Up
All patients were followed up by inpatients and outpatients every 3 months for the first to second year after surgery, every 6 months for the third to fifth year after surgery, then annually every year and until death. 23 Follow-up assessments included laboratory tests (routine blood test, blood biochemical), breast ultrasonography, mammography and some other examinations as it fits. Disease-free survival (DFS) was defined as the time from the date of surgery to the date of local recurrence or distant metastases, death from any cause or last follow-up. Overall survival (OS) was defined as the time from the date of surgery to the date of death from any cause or last follow-up.
Statistical Analysis
The optimal cutoff value was accessed by the receiver operating characteristic curve (ROC) analyses, and the area under the curve was determined by the predictive value. The ratio closest to the point with maximum sensitivity and specificity was defined as the optimal cutoff value. The clinicopathologic categorical variables were presented as frequencies and percentages (%), and the associations between breast cancer and clinicopathological variables were evaluated using the chi-square test or Fisher's exact test. The association between breast cancer and survival was analyzed by the Kaplan-Meier plots and log-rank test. The independent prognostic factors were accessed by the univariate and multivariate Cox proportional hazards regression model, and the hazard ratios (HRs) and 95% confidence interval (CI) were obtained by the Cox proportional hazards regression model. All statistical analyses were performed using the SPSS software (version 17.0; SPSS Inc., Chicago, IL, USA) and GraphPad prism software (version 5.0; GraphPad Inc., La Jolla, CA, USA). Alpha was set at 0.05, and a two-tailed P<0.05 was considered statistically significant.
Results
Demographic and Clinicopathologic Characteristics of All Breast Cancer Patients
We enrolled 262 cases with breast cancer in this retrospective study. The optimal cutoff value of SIRI by ROC analysis was 0.85×10 9 /L, and the optimal cutoff value was used for all analyses. The patients with breast cancer were categorized into two groups by SIRI: low SIRI group (<0.85×10 9 /L) and high SIRI group (≥0.85×10 9 /L). The clinicopathological characteristics of patients with breast cancer were shown in Table 1 . All enrolled patients were females. The age was ranged from 27 to 73 years, and the median age was 48 years. In low SIRI group, there were 155 patients (59.2%), and in high SIRI group, there were 107 patients (40.8%). The median body mass index (BMI) of all patients was ranged from 18.03 to 39.06, and the 
Relationships Between SIRI and Hematologic Parameters
In this study, the maximum (sensitivity + specificity) point of the ROC curve was regarded as the optimal cutoff value of SIRI. Table 2 ).
Association of SIRI and NACT or Postoperative Chemotherapy
All enrolled patients received anthracyclines-based and taxanes-based NACT regimens. All cases were treated with NACT, and 27 patients received the AC/ACF regimen, 29 patients received the CT/ACT regimen, 121 patients received the AT regimen, 75 patients received TP regimen, and 10 patients received other regimens, such as FP, T, F, TF, EV regimen. However, 116 patients were received postoperative chemotherapy, and 18 patients were treated with AC/ACF regimen, 17 patients were treated with CT/ACT regimen, 27 patients were treated with AT regimen, 21 patients were treated with TP regimen, and 33 patients were treated with other regimens, such as C, CTF, CTP, A, AF, AMF, AP, F, FP, T, TF, V, VP regimen. The clinical objective response rate (CR+PR) was 61.4%, and the clinical benefit rate (CR+PR+SD) was 97.3%, and non-clinical response rate (SD+PD) was 38.6%. The pathological response was accessed by MPG system, and the grade 1 rate was 5.0%, the grade 2 rate was 29.8%, the grade 3 rate was 39.3%, the grade 4 rate was 10.3%, and the grade 5 rate was 15.6%. Moreover, the pathological response of pCR rate was 20.6%. The NACT or postoperative chemotherapy of patients with breast cancer is shown in Table 3 . A low SIRI was significantly related to NACT (P=0.004).
Correlation Between SIRI and Breast Cancer Molecular Subtypes
All enrolled cases were diagnosed and confirmed by core needle biopsy prior to NACT. were triple-negative subtype, respectively. There was no significant association between tumor molecular subtypes and SIRI (Table 4) .
Correlation Between SIRI and Side Effects of Chemotherapy
In this study, the common toxicities after NACT were hematologic and gastrointestinal reaction. And we used the NCICTC to evaluate and analyze the side effects of NACT. There were no chemotherapy-related deaths in our study.
Moreover, we used the SIRI to access the side effects of NACT, and the result indicated that the SIRI before NACT had no significance on toxicities of all enrolled patients, excepted diarrhea (χ 2 =4.199, P=0.040) ( Table 5 ).
Univariate and Multivariate Cox Regression Survival Analyses
We used the univariate and multivariate Cox proportionalhazards models to determine the independent prognostic factors. According to univariate and multivariate analysis, Table 6 ).
In low SIRI group, the mean DFS and OS for all enrolled patients were 41.27 months (range from 4.00 to 197.97 months) and 52.86 months (range from 5.93 to 250.97 months), respectively. In high SIRI group, the mean DFS and OS for all enrolled patients were 30.45 months (range from 4.93 to 194.90 months) and 45.75 months (range from 8.13 to 238.27 months), respectively. We also found that the mean DFS and OS time for patients with low SIRI were longer than for those with high SIRI by using log-rank methods (χ 
Survival and Evaluation of the Prognostic Significance of SIRI
Among the 262 patients with breast cancer, the DFS rates at 3-, 5-, and 10-year were 31.7% (83/262), 17.2% (45/262), 4.6% (12/262); the OS rates at 3-, 5-, and 10-year were 42.7% (112/ 262), 28.2% (74/262), 7.6% (20/262), respectively. In low SIRI group, the DFS rates at 3-, 5-, and 10-year were 36.1% (56/ 155), 20.6% (32/155), 5.8% (9/155); and the OS rates at 3-, 5-, and 10-year in low SIRI were 46.5% (72/155), 31.0% (48/ 155), 8.4% (13/155), respectively. In high SIRI group, the DFS rates at 3-, 5-, and 10-year were 25.2% (27/107), 12.1% (13/ 107), 2.8% (3/107), respectively. The results were indicated that patients in low SIRI group had better 3-, 5-, and 10-year rates of DFS and OS than those in high SIRI group. However, there were no significant differences between low SIRI group and high SIRI group among 3-, 5-, and 10-year rates (Table 7 , Figure 2A -D).
Association of Molecular Subtypes by Core Needle Biopsy and SIRI in Patients with Breast Cancer
By univariate and multivariate analysis, the molecular subtypes by core needle biopsy was the significant prognostic factor in Table 6 . In order to further evaluate the prognostic value of SIRI, the SIRI was accessed by the molecular subtypes. The SIRI with different molecular subtypes was analyzed by the log-rank test. And the patients with low SIRI had longer DFS and OS than those with high SIRI. Moreover, the mean DFS and OS time for patients with low SIRI by the logrank test were longer than in those with high SIRI in HER2-positive subtype (χ 2 =5.349, P=0.021 and χ 2 =3.277, P=0.070, respectively). However, there were no significant differences between low SIRI group and high SIRI group by other molecular subtypes.
Correlation Between Miller and Payne Grade (MPG) and SIRI in Patients with Breast Cancer
According to univariate and multivariate analyses, the MPG was the significant prognostic factor (Table 6 ). In order to further evaluate the prognostic efficiency of SIRI, we analyzed the SIRI by MPG. The SIRI with different MPG Grade was analyzed by the log-rank test. The mean DFS and OS time for patients with low SIRI were longer than in those with high SIRI. However, there were no significant differences between low SIRI group and high SIRI group by MPG.
Association of Pathological TNM Stage and SIRI in Patients with Breast Cancer
According to univariate and multivariate analyses, pathological TNM stage was the significant prognostic factor. Hence, in order to further to study the prognostic efficiency of SIRI, the SIRI was analyzed by pathological TNM stage. The SIRI with different pathological TNM stage was analyzed by the log-rank test. The mean DFS and OS time for patients with low SIRI were longer than in those with high SIRI. However, there were no 
Correlation Between Ki-67 Status and SIRI in Patients with Breast Cancer
The results indicated that Ki-67 status in both core needle biopsy and postoperative pathology IHC was the significant prognostic factor. In core needle biopsy, the mean DFS and OS time for patients with low SIRI by the logrank test were longer than in those with high SIRI in Ki-67 negative (χ 
Association of Neural Invasion and SIRI in Patients with Breast Cancer
The neural invasion was the significant prognostic factor by univariate and multivariate analyses in Table 6 . Consequently, in order to further determine the prognostic efficiency of SIRI, the SIRI was analyzed by neural invasion. The results proved that the mean DFS and OS time for patients with low SIRI by the log-rank test were longer than in those with high SIRI in patients without lymph 
Discussion
Breast cancer is the most common women cancer and is the major leading cause of cancer-related death all over the world. 24 Comprehensive therapies, including operation, chemotherapy, radiotherapy, endocrine therapy, and targeted therapy, have improved survival time and quality of life for these breast cancer patients. 25 The neoadjuvant treatment can turn inoperable tumors into operable tumors or reduce tumor stage for more frequent conservative breast surgery. Moreover, NACT has become the standard treatment for locally advanced breast cancer, and the quality of life and clinical outcomes for these patients have largely improved. 26 Therefore, it is of importance to search accurate indicator for choosing the optimal treatment regimen and improving clinical outcomes. Various studies have shown that tumors are associated to systemic inflammation. [27] [28] [29] However, the mechanisms between tumors and inflammation reaction are yet ambiguous and poorly understood. Some studies have suggested that systemic inflammatory cells, such as neutrophils, monocytes, platelets, and lymphocytes, are linked to prognosis of many malignancies. Neutrophils restrain inflammatory factors, which include matrix metalloproteinase-9 (MMP-9), nuclear factor-κB (NF-kB) and vascular endothelial growth factor (VEGF), to influence the proliferation, development, progression, and metastasis. [30] [31] [32] Monocytes have been proved that it can promote tumor angiogenesis, inflammatory response and metastases, and releases some cytokines and chemokines, such as oncostatin-M and VEGF, to inhibit the immune system. 33, 34 Platelets are an indicator of tumor activity and angiogenesis, and are associated with tumor growth, invasion, and metastasis by releasing VEGF-integrin cooperative signaling. 35, 36 Moreover, lymphocytes are an important component of anticancer immunity and immune surveillance and are associated to prevent the tumor growth and progression. 37, 38 Some studies have shown that inflammatory markers and immune-based prognostic indexes were used to evaluate the prognosis of breast cancer, such as NLR, d-NLR, MLR/LMR, and PLR. [39] [40] [41] However, these inflammatory markers were associated with poor prognosis in breast cancer patients, and the potential mechanisms were not yet clear. The SIRI based on three inflammatory cells, such as neutrophil, monocyte, and lymphocyte, and can fully evaluate the balance between host immune and inflammatory condition. Nevertheless, the prognostic value of the preoperative SIRI in breast cancer patients received NACT is still unclear. In the present study, the SIRI was the significant prognostic factor by univariate and multivariate analyses. In our study, the clinicopathologic and demographic characteristics of all enrolled patients were analyzed. The optimal cutoff value of the SIRI was 0.85×10 9 /L by ROC analysis. The results shown that low SIRI was significantly associated with menopause, US-LNM and total lymph nodes. And the low SIRI was in connection with W, Hb, N, L, M, NLR, MLR, and PLR. Moreover, the low SIRI was also significantly associated with NACT. Meanwhile, the common toxicities after NACT were hematologic and gastrointestinal reaction, and the SIRI had no significance on toxicities of all enrolled patients, excepted diarrhea.
On the basis of univariate and multivariate Cox regression analyses, the clinical T stage, Miller and Payne grade, pathological T stage, pathological TNM stage, core needle biopsy (molecular subtype, ER status, Ki-67 status), postoperative pathology IHC (Ki-67 status), neural invasion, PLR, SIRI, postoperative chemotherapy, postoperative radiotherapy were the independent factors. We also found that patients with low SIRI had better prognosis and survived longer than those with high SIRI. Meanwhile, patients with low SIRI had higher 3-, 5-, and 10-year rates. Moreover, our results indicated that Ki-67 status was the significant prognostic factor, and patients with low SIRI had better prognosis and survived longer than those with high SIRI. The results also indicated that patients with low SIRI had better prognosis than those with high SIRI in patients with neural invasion.
Several limitations are presented in this study. Firstly, this is a retrospective single-center study. And multicenter study and more patients should be enrolled. Secondly, the cases are not more by subgroup analysis, and influence the outcomes. Thirdly, the SIRI value of different studies may be different by different cutoff points or endpoints. Therefore, more and better designed randomized controlled trials should be studied to support our findings, and further to study the SIRI and try to combine with other biomarkers to access the clinical outcome.
Conclusion
SIRI is the significant prognostic factor for breast cancer patients and can effectively predict the survival and prognosis for breast cancer. Taking into consideration the high incidence of breast cancer and the unbalanced distribution of medical conditions in China, the repeatable, convenient and non-invasive biomarkers should be used in the prevention and treatment of breast cancer. A comprehensive understanding of hematological parameters is of great importance for finding new targets for subjective treatment and doctors to implement effective treatment in clinical practice.
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